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AN EXPERIMENTAL INVESTIGATION OF FLOW 
CONDITIONS IN THE VICINITY OF AN 
NACA It, -TYPE COWLING 

By Robert W. Bo3Winkle, Jr ., and Rosemary P. Bryant 


SUMMARY 


An investigation has been conducted in the Langley 20 -foot 
propeller-research tunnel to determine the flow conditions in the 
vicinity of an NACA Dg-type cowling. A l/2-scale -nacelle model 
was used for the tests. Data were obtained for inlet -velocity 
ratios ranging from 0 .23 to 1 .02 and for angles of attack from 0° 
to '10°. 

With the propeller removed, the speeds and directions of 
the flow in the vertical plane of symmetry of the cowling were 
determined from orifices and tuft3 installed on a board alined 
with the flow . The total pressures and the rotation of the flow 
at the inlet were determined for two propellers having greatly 
different shank sections. Oval fairings were glued to the root 
sections of one propeller in order to simulate poorly designed 
blade shanks. An NfyCjA 16-series propeller with thin airfoil- 
type inboard sections was used to simulate well designed blade 
shanks. Tests were conducted at advance -diameter ratios and 
propeller -blade angles, both based on the maximum spinner diameter, 
ranging from about 2.5 to I5.5 and from 37*5° to 62.5°, respectively. 

. . * i 

The local airspeeds and flow directions were found to have 
appreciable gradients in the region of the propeller shanks . The 
propeller with thin airfoil-type thanks caused higher total pres- 
sures and larger angles of flow rotation at the cowling inlet for 
the high-speed and climb flight conditions than the propeller with 
„ thick oval shank3 . At a constant blade-shank angle, the changes 
of flow rotation and total -pressure rise caused by changes in advance- 
diameter ratio were smaller for the propeller with thick oval, shanks 
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than for the propeller with thin airfoil-type shanks over the com' 
plete operating range of inlet-velocity ratio * The magnitude of 
the changes in the flow rotation in the inlet was such that, in 
order to secure effective operation over the flight range, 
contravanee would he required upstream of a fan installed in the 
inlet of this cowling. 


INTRO HJCTION 


A large amount of research effort is being directed currently 
toward the development of efficient propeller-blade shanks and 
high-pressure -rise cooling fans for U3e in conjunction with 
conventional radial -engine cowlings. The design of these elements, 
however, is still largely on a cut-and-try basis despite the numerous 
advances in propeller and fan theory because of the lack of informa- 
tion on the actual flow conditions under which they operate . As a 
step toward the rational solution of thi3 problem, the present 
investigation of a l/2-scale NACA Eg- type cowling was conducted in 
the Langley 20-foot propeller-research tunnel to obtain initial 
quantitative design information. 

Wide operating ranges of inlet -velocity ratio and angle of 
attack were covered in the tests. -With the propeller removed, 
the speeds and the directions of the flow in the vicinity of 
the cowling were determined. The total pressure and rotation of 
the flow in the inlet were investigated over wide ranges of 
propeller-3hank blade-angle and propeller-shank advance-diameter 
ratio for a propeller having thick oval shank sections and a pro- 
peller having thin airfoil-type 3hank sections . Some similar data 
for a Hercules Beaufighter nacelle equipped alternately with a 
flared propeller and spinner and with an unflared propeller are 
contained in reference 1 . 


SYMBOLS 

D c maximum cowling diameter, 2.27 feet 

D 3 maximum spinner diameter, 1 .42 feet 

H total pressure, pounds per square foot 

pressure-drop coefficient for orifice plate based on maximum 
cross-sectional area of cowling 

n rotational speed, revolutions per second 
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p 0 free-stream static pressure, pounds' per square foot 

q 0 free-stream dynamic pressure, pounds per square foot 

r radius, feet 

R radius of propeller tip, feet 

V ± inlet velocity, feet per second 

Vj local speed of flew, feet per second 

V Q free-stream velocity, feet per second 

a angle of attack of thrust axis, degrees 

propeller-blade angle at station corresponding to maximum 
spinner diameter, degrees 

& cowling-flap ongle from flush position, degrees 

6 clockwise angle around cowling from bottom as seen from the 

front, degrees 

0 flow angle referred to model center line (positive upward), 

degrees , ■. 

angle of flow rotation (positive in direction of propeller 
rotation), degrees 


MODEL AND METHODS 


A l/2-scale model of a nacelle for a present-day short-nose 
radial engine was used for the tests. A line drawing of the model 
and coordinates of the 3pinner, diffuser, and cowling are presented 
in figure 1 . The cowling had an inlet area of 0 .71 square foot 
and a critical Mach number of O .63 at .an angle of attack of 0° 
and an inlet-velocity ratio of O. 23 . 

The internal flow was measured by an orifice plate to which 
mockups of the forward halves of the front-row cylinders were 
attached. The effective orifice area was adjusted to 0 .70 square 
foot (dfi/q f = 33 . 6 ) in a calibration prior to the tunnel tests 

in order that the conductivity would approximate that encountered 
in modem engine installation. The rate of flow through the cowling 
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was varied by the use of alternate exit flaps with different 
angular deflections. Test inlet-velocity ratios ranged between 0.23 
and 1.02# 

The orifice board used in determining the local speeds and 
directions of flow in the vertical plane of symmetry of the cowling 
with the propeller removed is shown in general views of the model. 
(See fig. 2.) The board was 0.5-inch thick and had lenticular 
edge3 . Local flow speeds were determined from the static pressures 
measured by the flush surface orifices on the left side of the 
board; pressure measurements on the surfaces of the cowling and 
the spinner with the orifice board removed furnished a convenient 
check on the speeds Just outside the boundary layers . The direction 
of the flow was determined from photographs of the tufts fastened 
to the right side of the board; check runs with tufts on wires 
showed that there were no measurable differences in the flow .angles 
inside and outside the boundary layer of the orifice board. 

As shown in the detail views of the cowling (fig. 3) two 
alternate left-hand propellers were used. Oval -shank fairings were 
glued to the blades of the 45-lnch-diaraeter Curtiss 512 propeller 
in the top configuration in order to simulate a propeller with 
poorly designed shank sections. A 49 .3 -inch- diameter Curtiss 1129-24 
(NACA 16-series) propeller with thin-airf oil- type shank sections 
was used in the bottom configuration. The shank sections of these 
two propellers (figs. 4, 5; and 6) bracketed the range of shank 
designs in current U3e. The propellers were driven by a 
100 -horsepower alternating-current motor; the propeller rotational 
speed was measured by a condenser-type tachometer attached to the 
motor 3haft. 

Total pressures in the boundary layer of the spinner at the 
inlet were measured by a rake of ten 0.030-inch-diameter stainless- 
steel tubes with ends flattened to form openings about 0.005 by 
0.05 inch. The average pressure recoveries in the inlet were 
determined from the arithmetic average of the total pressures 
moasured by eight pairs of shielded total -pressure tubes spaced 
45° apart starting at the bottom of the inlet . For the propeller- 
installed tests, the boundary -layer rake and all shielded total- 
pressure tubes excepting those at 45°, 90°, and 135° from the 
bottom on the left 3ide were removed to permit the installation 
of the other instrumentation (see fig. 3)j pressure recoveries 
for the diametrically opposite positions on the right 3ide of 
the inlet were obtained for propeller-installed conditions by the 
expedient of testing at negative angles of attack. 
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Null -calibrated yaw tubes (fig* 7( a )) were placed in the inlet 
at 0°, 45°, 90°, and 135 ° from the bottom on the right side to 
measure the flow rotation. The yaw-tube settings were varied in 
increments of 5° for each operating condition until the differ- 
ential pressure across the two legs reversed) the angle of flow 
rotation corresponding to the zero pressure difference was then 
determined by fairing the pressure differential against the tube 
setting. As the angles of rotation indicated by the inner and 
outer tubes were approximately equal and exhibited no consistent 
variation, an average value was taken as the flow rotation at each 
radial position. As with the shielded total-pressure tubes, the 
flow rotation at the diametrically opposite inlet positions were 
obtained by testing at negative angles of attack. 

In an attempt to check on the values of rotation given by the 
yaw tubes, floating vanes were mounted on a wire at the top of the 
inlet. (See fig. 7(b) .) A gun-sight camera mounted behind the 
orifice plate was used to record the vane deflections which were 
used to calculate the angularity of the flow. 

All test 3 were conducted at a tunnel speed of about 100 miles 
per hour which corresponds to a Mach number of 0 .13 and a 
Eeynolds number of about 2,000,000 based on the maximum cowling 
diameter. An angle -of -attack range of from 0° to 10° was covered 
in the tests) the latter angle is approximately equal to the effective 
steep-climb angle of attack for a cowling operating in the up- 
flow field of a wing. All pressures excepting those for the yaw 
tubes were recorded by photographing a multi tube manometer. The 
differential pressures across the yaw tubes were read visually 
from a bank of inclined U-tubo manometers • 


RESULTS AND DISCUSSION 


The results of the present investigation are discussed in 
three sections which deal separately with the flow field of the 
cowling, the pressure recovery in the cowling inlet, and the 
rotation of the flow in the cowling inlet . 

Flow field of cowling .- Velocity-ratio contours and lines 
of constant flow angle are shown in figure 8 for the several 
test conditions . The local airspeeds and flow directions are 
shown to have appreciable gradients in the region in which the 
propeller shanks would normally operate. At constant inlet-velocity 
ratios, the local airspeeds in the propeller- shank region at the 
top of the spinner increased and those at the bottom decreased with 
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increaoes in the angle of attack; the local angles of upflow 
increased in both regions. A3 would be expected, increasing 
the inlet -velocity ratio at constant angles of attack caused increases 
in the local airspeeds and decreases in the magnitudes of the local 
flow angles in the propeller-shank region. 

It should be noted that in figure 8 that Vj/V 0 is a scalar 
quantity; the rf ore, the translational velocity ratio (that is, 
the velocity ratio at a point in the inlet V-i /V 0 ) is 

/V 0 ) cos 0 . The high values of 0 at the inlet together with 
the rapid thickening of the boundary layer in this vicinity accounts 
for the large apparent differences at low inlet -velocity ratios 
between the nominal inlet -velocity ratio and the Vj/V Q 

contours adjacent to the inlet. It also should be noted that the 
lines of constant-velocity ratio are true contours and form closed 
curves in the plane of the orifice board while the lines of constant 
flow angle do not necessarily close in thi 3 plane and may end at 
the surface of the model or at a point in space . 

As previously noted, the present data, were obtained at a 
Mach number of 0 . 13 * Some change in the flow-field characteristics 
would be expected at very high flight speeds, but the changes would 
be small up to M 0 = O.63, the design Mach number for this instal- 
lation . 

Pressure recovery at cowling inlet .- Total -pressure distribu- 
tions in the boundary layer at the top of the spinner for 
propeller-removed conditions are shown in figure 9 * With the 
spinner stationary (fig. 9(a)) the boundary layer was thin for an 
inlet -velocity ratio of about 0.83. The occurrence of separation 
from, the surface at Vi/V 0 « 0 .23 , as evidenced by the tendency 
of the total pressures to remain equal to the surface-static 
pressures (plotted at the surface) for 0.2 inch or more from the 
surface, indicates that a somewhat higher inlet- velocity ratio 
should be used. This effect has been observed in several previous 
investigations in which minimum values of Vi/V 0 ranging from 0.3 
to 0.5 have proved necessary. Figure 9 (b) shows that at 
Vi/Vo SJ O.83, rotation of the spinner thickened the boundary layer 
somewhat but did not cause separation. Propeller operation would 
be expected to cause additional thickening of the boundary layer 
at the inlet . 

The circumferential variation of the average pressures measured 
by the pairs of shielded total -pros sure tubes for propeller -removed 
conditions are shown in figure 10 . At inlet-velocity ratios of 
approximately 0.68 and 0 . 84 , nearly 100 -percent recovery 
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was measured at all stations. At Vj_/V 0 = O.23 and a = 0° 
appreciable losses occurred due to the boundary-layer charac- 
teristics previously discu3sedj increasing the angle of attack 
to 10° greatly accentuated these separation losses at the top of 
the inlet . 

At a '= 10° with the propeller operating, the total pressures 
at six circumferential positions in the inlet, as determined from 
the shielded total -pressure tube instrumentation, are shown in 
figure 11 as a function of V 0 /nD s , 5, and P s . As would be 
expected from a consideration of the swirl of the flow and the 
attitudes of the propeller-blade elements, the highest and lowest 
total pressures occurred in the bottom-left and top -right portions 
of the inlet, respectively. The total pressure at any one position 
generally decreased with increases in V 0 /nD3' and decreases in 3 a 
as the effective angle of attack of the shank elements was reduced. 
The inlet-velocity ratios for figure 11 and succeeding figures 
showing plots at constant values of flap angle may be obtained by 
reference to figure 12. 

The arithmetic averages of the inlet total pressures are plotted 
in figure 13 as a function of the same parameters used in the 
preceding figure. Because of differences in the camber, the 
fineness ratio, and the chord of the blade shank3, the propeller 
with the NACA 16-series shank sections produced higher inlet 
pressures than the oval -shanked propeller for low values of 
V 0 /nD s at 8 = 20°, a condition corresponding to the climb 
condition, and for high values of V 0 /nDs at 5 = 0°, a con- 
dition corresponding to the high-speed condition, over a wide 
enough range of to include these two flight conditions. A 

regrouping of the curves for & = 20° (fig. 14) shows that for 
the climb inlet-velocity ratio the NACA l6-serie3 shank section: 

(a) Gave a higher pressure rise than the oval-shank sections 
over a wide range of blade angle at climb values of Vo/nDs . 

(b) Apparently did not experience an abrupt stall even at the 
low values of V 0 /nD s at which calculations indicate the geometric 
angle of attack was very large . 

(c) Apparently were producing negative thrust at high values 
of V 0 /nDg. 

A cross plot of the inlet-pressvire-recovery data for 
P 3 = 62.5° against Vi/Vo is presented in figure 15 * The pressure 

recovery increased with Vj_/V 0 over most of the V-^/V 0 range 
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although a uniform decroase would "be expected on the basis of pro* 
peller theory except at the lower values of Vo/nDs where cal- 
culations indicate that the shanks probably were stalled and 
operating on the reverse slopeo of the section lift curves . It 
should be noted, however, that the theoretical decreases 
H - p 0 

of with increases of Vj/V 0 would be expected to be 

‘lo 


small because the local, velocities at the propeller -shank position 
exhibited only relatively small variations with large changes 
in Vi/V Q . (See fig. 8.) Also the shapes of these curves in the 
lower inlet-velocity-ratio range are not accurately known because 
each curve wa3 obtained by cross -plotting da.ta measured at only 
three values of inlet-velocity ratio (about 0.23, 0.70, and 0.86). 
Figure 10 indicates that the boundary layer on the 3pinner wa3 
responsible to a large extent for the low pressure recoveries 
measured in the inlet at low inlet-velocity ratios with pro- 
peller removed. Spinner "b oun clary -layer effects may also be a 
factory in the apparent discrepancy between the calculated and 
measured inlet total -pres sure recoveries. 


Rotation of flow in inlet .- A comparison of the flow rotation 
at the top of the inlet as indicated by the yaw tubes and by the 
vanes is given in figure 16 . It should be noted that, in general, 
fair agreement was obtained between the two sets of readings, but 
that the readings of the yaw tubes were more consistent than the 
readings of the vanes . For this reason, and since yaw tubes have 
given satisfactory results in other investigations, the succeeding 
analysis of the flow-rotation data is based on the measurements 
obtained by the yaw tubes only . 

The flow rotation in the cowling inlet for propeller-removed 
conditions is shown in figure 17 as a function of circumferential 
position, angle of attack, and inlet-velocity ratio . The scatter 
at a = 0° indicates that the probable accuracy of the yaw-tube 
readings was about tl . 5 ° • The sine -wave type variation at 
a - 10° was caused by the upf low at the sides of the inlet . 
Increasing the inlet -velocity ratio at a = 10 ° reduced the 
rotation at the sides of the inlet by increasing the axial com- 
ponent in the velocity vector diagram. 

The flow rotation in the cowling inlet for the propeller- 
ins tailed conditions is shown in figures 18 and 19 as a function 
of V D /nD 3 , 5 , and p s for the two propellers tested. The 

plots for the average values at a = 0° (figs. 18(a) and 19(a)) 
show that the flow rotation with the NACA l6-series propeller 
became greater than that for the oval-shanked propeller at low 
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values of V 0 /nDg and at small flap angles as was the case with 
the inlet pressures . The occurrence of negative rotation angles 
indicates the existence of negative thrust thereby confirming 
the previous deduction based on the variation of the inlet total 
pressures • A higher shank blade angle than 62 .5° would appear 
desirable for this condition. 

At a =•• 10° (figs. 18(b) and 18(c)) the maximum positive 
rotation usually occurred at the right side where the upflow due 
to angle of attack was a maximum and was additive with the 
rotation caused by the propeller except at negative thrust. 
Conversely, the minimum, flow rotation usually occurred at the 
left side where the upflow due to the cowling angle of attack 
generally opposed the rotation caused by the propeller. For a 
representative climb condition (a - 10°, 5 = 20°, Pa = 50 ° > 

V 0 /nD a -- 3 ) , figure 19(b) shows that maximum and minimum angles 
of flow rotation in the inlot were about 22 ° and - 3 °, respectively, 
for the IJACA 16-series propeller compared to about 21.5° and *5 *5° 
for the oval-shanked propeller. 

The flow-rotation data for p 3 = 62 . 5 ° shown in figures 18 
and 19 is cross -plotted in figure 20 to show the effect of inlet- 
velocity ratio. As would be expected, increasing Vj[/V 0 tended 
to decrease the rotation except where the blade-shank elements 
were operating near the region of negative thrust . The change of 
flow rotation with changes in Vo/nDg was smaller for the oval- 
shanked propeller than for the WACA 16-series propeller over the 
complete range of Vx/V 0 j a comparable result for the inlet total 
pressure is noted in figure ... 


Hie data presented, in figures 18 through 20 cover a sufficient 
range of operational variables to permit a fair approximation of 
the prerotation encountered by a fan in the inlet of a cowling of 
approximately the proportions tested. The magnitude of the 
variation of 1 ! t through the normal -operating ranges stresses 
the necessity for using contravenes upstream of the fan in order 
to secure effective operation over the flight range . 


SUMMARY OF RESULTS 


The results of this investigation indicate that: 

1. The local airspeeds and flow directions had appreciable 
gradients in the region of the propeller shanks . 
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2. The propeller with thin airfoil-type shanks caused higher 
total pressures and larger angles of flow rotation at the cowling 
inlet for the high-speed and climb flight conditions than the 
propeller with thick oval shanks . 

3 . At a constant blade-shank angle, the changes of flow 
rotation and total -pres sure rise caused by changes in advance- 
diameter ratio were smaller for the propeller with thick oval 
shanks than for the propeller with thin airfoil-type shanks for the 
complete operating range of inlet-velocity ratio. 

4 . The magnitude of the change of flow rotation in the inlet 
was 3uch that contravanes would be required upstream of a fan 
installed in the inlet of this cowling. 


Langley Memori-al Aeronautical Laboratory 

National. Advisory Committee for Aeronautics 
Langley Field, Va. 
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(a ) a = 0, 8 
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Figure 2.- General views of model with. orifice board 

ins ta lied . 
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(a) Oval-shanked propeller installed. 



( b ) NACA 16-series propeller installed. 

Figure 3.- General views of cowling showing the two 
propeller configurations. 






Curtiss 1129-24 
NACA 16-series 
b lade 


Curtiss 512 Diade 
with oval-shank 
fairing 



Figure 4.- Detail views of propeller blades. 
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(a) Typical pair of yaw tubes. 



(b) Vanes at top of cowling. 

Figure 7.- Views of instrumentation used to measure 
rotation of flow in cowling inlet. 
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(b) « = 5 °, 8 = 0° 77^- = 0.23 
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Figure 8 . - Continued . 
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velocity ratio contours 
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Figure 8 Contirujed % 
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velocity ratio contours lines of constant flow angle 

(g) a = 0° S = 20° = 0.86 
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Figure 8 Continued . 
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velocity ratio contours 

(i) a : 10° 8 = 20° tt" = 0.8 1 
v 0 

Figure 8 . - Concluded. 




lines of constant flow angle 


NATIONAL ADVISORY 
COMMITTEE FOt AEHORAUTICS 


MR No. L6H14 


MR No. L6H14 



NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


spinner 




distrih 


spidner ni iap 


Propeller removed 


mm em 


MR No. L6H14 



MR No. L6H14 




I 

I MR No. L6H14 



MR No. L6H14 





MR No. L6H14 



MR No. L6H14 




■ ■ ■ ■ 


MR No. L6H14 



lllil 


national Advisory 

COMMITTEE FOR AERONAUTICS 


rist in. 


L'jiatxt 



MR No 


L6H14 



national Advisory 


COMMITTEE. /Oft AERONAUTICS 





MR No. L6H14 




MR No. L6H14 





MR No. L6H14 





MR No. L6H14 








MR No. L6H14 



MR No 


L6H14 








MR No. L6H14 



MCA. 


NATIONAL ADVISORY : 
COMMITTEE FOR AERONAUTICS 


£ Ag±LE £ . 




MR No. L6H14 





MR No. L6H14 











































_ 





